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The diagrams in this manual are organized by operation. 
Thus, the details of machine operations are presented in 
operational flowcharts, most of which are two-level. The 
general flow path of the two-level charts (heavy line) shows 
the major objectives of an operation or instruction. De- 
tailed flow paths of major objectives are located to the 
right of the general flow path. 

Positive-logic diagrams support the operational flowcharts. 
They show logical circuit operation without regard to 
signal levels. Most of the logic diagrams in this manual are 
not block-for-block representations of Automated Logic 
Diagrams. Rather, only blocks necessary for a logical 
understanding of the operation are shown. 

A knowledge of MFCU operations and CPU operations is 
necessary to understand MFCU attachment operations. 

Other manuals needed to understand and service the 5424 
MFCU attachment are: 

1 . The IBM 5424 MFCU A ttachment. Field Engineering 
TJieory of Operations Manual, SY31-0253. 

2. The IBM 5424 MFCU, Field Engineering Theory of 
Operations Manual. SY31-0213. 

3. The IBM 5424 MFCU, Field Engineering Maintenance 
Manual, SY3 1-0230. 

4. The IBM 541 Central Processing Unit, Field 
Engineering Theory of Operations Manual, 
SY3 1-0207. 

5. The IBM 541 Central Processing Unit, Field 
Engineering Maintenance Diagrams Manual, 
SY3 1-0202. 

6. The IBM 541 Central Processing Unit, Field 
Engineering Maintenance Manual. SY3 1 -0244. 



Second Edition (Feburary 1971) 
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ALD 


Automated Logic Diagram 


ALU 


Arithmetic and Logical Unit 


APL 


Advance Program Level 


CPU 


Central Processing Unit 


CS 


Cycle Steal 


CSR 


Cycle Steal Request 


DA 


Device Address 


DBI 


Data Bus In 


DBO 


Data Bus Out 


EBCDIC 


Extended Binary Coded Decimal 




Interchange Code 


FEMD 


Field Engineering Maintenance Diagrams 


1-0 


Input-Output (I/O) 


IPL 


Initial Program Load 


LIO 


Load Input-Output 


LSR 


Local Store Register 


MAP 


Maintenance Analysis Procedure 


MFCU 


Multi-Function Card Unit 


MPCAR 


MFCU Punch Data Address Register 


MPTAR 


MFCU Print Data Address Register 


MRDAR 


MFCU Read Data Address Register 


MST 


Monolithic System Technology 


NPRO 


Non-Process Run Out 


PC 


Parity Check 


PG 


Parity Generate 


POR 


Power on Reset 


SAR 


Storage Address Register 


SIO 


Start Input-Output 


SIOC 


Serial I/O Channel 


SLD 


Solid Logic Dense 


SNS 


Sense Input-Output 


ss 


Single Shot 


TIO 


Test Input-Output and Branch 


XR 


Index Register 
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iQt) Re ady Negator inverts logic on 

positive logic diagrams 



"A" ond "B" must be 
active for "C" to be 

active 
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OR 
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"D" _or "E" active 
causes f 'F" to be active 



Latch Name 
Set m ,On Output 



FL 



Reset i Dup Off Output 



Set 
Gate 



Aid Location 

Tnoaer Nom e Qn p ut ^ y latches that are 



Flip flops or flip 



A ! FF 



Gate 



Reset 



A i Dup ' 



shown on another 

diagram 



Off Output 



Aid Location 




Input to 
bit only 



Parity Check 
on Bus Line 



Parity Generator 
(Correct parity is 
generated. ) 



There are 8 latches 

in register (0 through 7) 



All bits transfer out 




Diag x-x Off-Page Connector 



I/O IF y Interface Connector 



Mmmr N° connector shown 

Diag X-X on referenced page 






(0-7) 



Amplifier 



• Indicator 



On-Page 

Connector 



On-Page 
Connector 



A note is shown 
this way on a 
diagram 



Joining Lines 



Lines cross over 
but do not join 



8 lines on bus 
bits 0,1 ,2,3, 
4,5,6 an47 



(xx — ■ 



Boolean Algebra Symbols 

• In a line name means "And" 

+ In a line name means "Or" 



x) Indicates a line name that 
does not exist as an actual 
ALD name, but used to better 
explain the function of a 
line or block 




2.5 usee 



SS 



Arithmetic Logic Unit 
(located in the CPU) 



Single Shot 
A positive shift on 
"C" causes a 2.5 
usee shift on "D" 



OE 



Exclusive OR 
Either "A" or "B" 
must be active for 
"C" to be active, 
but if both are active 
or neither active 
"C" will be inactive. 



5-40A6 



Readv 






ndicates line originates 
on Diagram 5-40 at zone coordinates 

A6. 




Punch 5-41 B3 



Indicates line enters Diagram 5-41 
at zone coordinates B3. 



Indicates 8 duplicate circuits. 



*— Indie 



^.N|— 



FL 



cates a shift is required after 
the gate pulse is present. 



* Indicates a point that can be 
probed on back-panel pins. 




FD202" 



'Print' 



C 



) 



Clock denotes CPU clock 



Decision Block on 
a Flowchart 
(Asks a question) 



Indicates the func- 
tion described can 
be found in the ALDs 
on this page 

Processing block on 
a flowchart 



Single quotes in the 
block indicate a line 
name, flip latch, or 
flip flop name 



Keying Operation on 
Flowchart 



Terminal on a 

flowchart 



Note on a 
Flowchart 



Refers to another 
Flowchart 
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Chapter I. Diagnostic Techniques 



Refer lo MAP charts far diagnostic 
tests applicable to the 5424 attachment 



Diagram 1-105. Diagnostic Techniques 



5424 Attachment FEMDM (12/69) 1-105 
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Hopper Check 



Diag 2-CIO 



Gear Emit Check (20) 



Diag 2-055 



Feed Check 4 



Oiag 2-015 



Feed Check 6 



Diag 2-020 



Feed Check 9 



Oiag 2-030 



Feed Check II 



Diag 2-030 



Feed Check I 



Diag 2-010 

ZZ> 

Diag 2-015 



Feed Check 2 



Feed Check 3 



Diag 2-015 



Feed Check 13 



Diag 2-035 
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Feed Check 12 



Diag 2-035 



Feed Check 19 



Diag 2- 050 



Feed Check 15 



)iag 2-045 



Feed Check 10 



Diag 2-025 



Diag 2-025 



Feed Check 8 



Feed Check 5 



Diag 2-020 



Feed Check 7 



Diag 2-025 



Feed Check 14 



Diag 2-040 



Feed Check 16 



Diag 2-040 



Feed Check 17 



Diag 2-045 



Feed Check 18 



Diag 2-050 



Print Clutch Check 



Dicg 2-065 



Diag 2-060 
Diag 5- 190 
Diag 5-130 
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Print Data Check 



Punch Check 



Punch Invalid 



Read Check 



Diag 5-130, 5-370, 5-405 
Diagram 2-005. MFCU Errors 
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Stacker Full Sw (5424) 



SW 
INT 



Stacker 



Start NPRO or Start Key 



POR or NPRO 
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FL 



Cover Open 



FB2I2 



Start NPRO or Start Key 
POR or NPRO 



Chip Box Full Sw (5424) 



]oR 



fb:o2 



sw 

INT 



Chip Box 



Start NPRO or Start Key 



POR or NPRO 



JpR 



FL 



STKR (5424) 



CVR (5424) 



OR 



Operator Intervention Req 



IND 



CHIP (5424) 



Operator Intervention Required 



Stop Key (5424) 



FB2I2 



5W 
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POR or NPRO 



Hopper Check 



MFCU Clock A 



(feed check) 



Reset Feed Check 



FB88I 



MFCU SNS E-B cycle 



Sys or POR or NPRO 



OR 



A Hopper Ck or Feed Ck 



OR 



Diaa 5-280 



(set stop) 



FB85I 



OR 



Set No-Op Command 



No- Op Ortd 



MFCU SIO IR Cycle 



FL 



(reset execute print) 



E-8 not 1st cycle 



N Decode 3 



Clock 2 



# 



Check or Sys Reset or NPRO 



# No- Op Cotimand 



J 



FC202 



Feed Ck or Gear Emit Ck 



Busy to SIO 



(not) Wait to Stacker Clear 



OR 



FBI82 



Diag 5-295 



Chon 10 Meter Run (CPU) 



. Chan IO Working (CPU) 



FBI82 



N Decode 



Specified Feed Not Ready 



No-Op Command 



OR 
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(TIO condition I met) 
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Error 



(jumper) CE Set IO Check 



OR 



Chan IO Check 



CPU FEMD 4-100 
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Diagram 2-010. Hopper Check and Feed Check 1 

2 T" 3 
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(2/71) 2-010 
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MFCU Clock B 



Hopper Count 30 plus 




Reset Feed Check 



^ Hopper Check 



Hopper Check 




Hopper Ceil Dark 
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Motor Ready 2 





FL 



FB85I 



HPR (5424) 



Hopper Check 



Hopper Eject Check Gate 
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OR 



„ Feed Check i 



IND 



Diag 2-015 



(5424)- 



1 . Hopper Check - Hopper ce 1 1 not covered 

by hopper count 30 

2. Feed Check I - Hopper Eject Check 

a. Hopper cell was not 
covered by count 16 
(35.8-38.4 ms) 

b. Cord covered hopper 
cell after count 30 
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(counter reset with hopper cell 
|30| dark and starts counting again) 



See feed checks 2 and 4 
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Hopper Count 21 Pius 



Feed Check 
Time Base 
Counter 
Oiag 
4-iOO 



Feed Check Control 1 



E> 



Hopper Eject Check Gate 



Diag 2-010 



POR or NPRO 



Feed Check 2 - Read Inject Check 

Will occur if all read cells are 

not covered at count 21 (51.2-53.8 ms) 

after hopper cell was covered. 



Feed Check 3 - Read Station Check 

Occurs if all cells are dark anytime 
other than a feed cycle. 



Feed Check 4 - Read Eject Check 

Checks that card left read station 
(23.2-30.7 ms) count i2 after it" 
entered read station. 
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MFCU Clock B 



(not) Feed Cycle 



(not) Feed Check 
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Motor Ready 2 



Read Stat Ck Feed Check 3 



Reset Feed Check 



FL 



FB82I 



Feed Check Control I 



Leading Edge 



Read Eject 



Reset Feed Check 
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Hopper Count 12 Plu 



Read Eject Chk 
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Reset Feed Check 



FL 
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Feed Check 4 



Trailing Edge 
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Hopper 1 or 2 
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FL 
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(not) Trailing Edge JA 
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(not) Stacker Count 1-25 
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Hopper Counter (Feed Check 2) |l |2|3|4 |5 [6 |7 I 8|9 ! I0|II |I2|I3 



a 



Hopper Counter {Feed Check 4) 



IND 



2 (5424) 



Read Inject Check Gate 



IND 



IND 



(counter resets with leading edge- Count 21 is check time if not reset) 



{FU> 



3 (5424) 



Diag 2-010 



4 (5424) 
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Read Eject Check Gate must be reset prior to count 12. 
Counter continues to run until count i9. Count 19 turns 
on 'End Feed Cycle' which then resets 'Card on Way to Wait' 
Counter resets with reset of 'Card on Way to Wait'. 



Diagram 2-015. Feed Checks 2, 3, and 4 
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Diagram 2-020. Feed Checks 5 and 6 



(2/71) 2-020 



4 



8 



9 



A 



punch Reg P.R. 1 or 2 



Reset Feed Check 



Pch Ej or Transport Ck Gate 



OR 



Condition Pch Step Ctr Adv 
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(not) Feed Check 
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FL 
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(wait eject gate) 



Reset Feed Check 
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FL 



IND 



5 (5424) 



FB88I 
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Diag 5-170 



Punch Reg 1 or 2 S.S. 



Diag 2-030 



Punch Station Check Gate 



Punch Reg P.R. I or 2 S.S. 



POR or NPRO 



Feed 

Check 
Time Base 

Counter 
Diag 4-100 



Feed Check Control 2 



(not) Punch Execute 



AR 



Reset Feed Check 
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OR 



Wait Counl 20 Plus 



Walt Eject Wait Eject Check Gate 



FL 
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Wait Eject Chk 
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Reset Feed Check 
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IND 



6 (5424) 



Wait Eject Check Gate 
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Diag 2-030 
5-170 



Feed Check 5 - Early Wait Eject Check 

Checks that the card does not cover 
pre-punch cell unless the punch reg 
pressure roll has been energized. 



Feed Check 6 - Wait Eject Cheek 

Occurs if the pre-punch cell is 
not covered (48.6-51.2 ms-count 20) 
after the pick of pressure roll I or 2. 
Note: No punch operation 



Model A- 1 



Time (ms) 

Punch Reg P.R. I or 2 SS 
Wait Eject Check Gate 
Pre-Punch Cell Dark 
Punch Station Check Gate 
Wait Counter 




Model A 2 o 10 20 

j (1.92-2.56 us. induration) 
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Reset Feed Check 
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Feed Check 7 - Punch Inject Check 

Occurs if ore-punch cell is not 
covered by the cord before punch step 
count 4. Trie cord should be registered 
at the punch station by punch step count 
4 (40 ms after reg pressure roll pick). 
Note: Punch operation only 

Feed Check 8 - Punch Registration Check I 

Checks that pro-punch cell is covered 
at stepper count 25 (*«2?2 ms-eolumn 21) 
Note: Punch operation only 



Feed Check 10 - Punch Registration Check 2 

Checks that pre-punch cell is exposed 
at stepper count 27 (^s3I6 ms -column 23) 
Note: Punch operation only 
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Diagram 2-025. Feed Checks 7, 8, and 10 
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Diagram 2-030. Feed Checks 9 and 11 
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Feed Check 9 -Punch Station Check 

Checks that Pre-Punch Cell is exposed 
by count IS (43.5-46.1 ms) after being 
covered . 
Note: No punch operation 
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Diagram 2-035. Feed Checks 12 and 13 
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Diagram 2-040. Feed Checks 14 and 16 
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Checks that Corner Cell it exposed 
by count 13 <=e33 ms) after Comer 
Kick Mag Is picked. 
Note: Not print operation. 
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Feed Check 16 - Print Station Check 

Chocks Post Print Cell Is covered 
by count 39 (=t^5 ms) after Corner 
Cell Is exposed. 
Note: Not print operation. 
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Feed Check 15 - Print Inject Gate 

Checks that corner cell is exposed 
by print clock count 3 
Note: Print operation only 
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Diagram 2-045. Feed Checks 15 and 17 
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Diagram 2-050. Feed Checks 18 and 19 
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Diagram 2-055. Feed Checks 
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Diagram 2-060. Print Data Check 
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Diagram 2-065. Print Clutch Check (Part 1 of 2) 
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Diagram 2-070. Print Clutch Check (Part 2 of 2) 
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Diagram 3-005. MFCU Attachment Data Flow 
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Diagram 3-010. Read Data Flow 
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Diagram 3-015. Punch Data Flow 
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Diagram 3-020. Print Data Flow 
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Diagram 3-030. Card Feed Path (Part 1 of 2) 
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Diagram 3-031 Card Feed Path 
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Diagram 4-005. MFCU Clock 
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Diagram 4-010. Data Bus Out Register and DBO Parity Check 
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DATA BUS OUT REGISTER 

Eight data bits and one parity bit are transferred to the MFCU 
attachment unit by the data bus out (DBO) lines. These data 
bits are sent to the DBO parity check circuits and to the eight 
data bus out register latches. 

The parity check circuits check each date byte sent to the 
MFOJ attachment for odd parity. 

Data sent over DBO is set into the DBO register latches by the 
CPU 'clock 5' signal. The next CPU 'clock 5' signal either 
gates new data into the register or resets the register. 
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Diagram 4-015. DBI Parity Generator 



See Diagrams 5-055 and 5-060 
for sense byte generation . 
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^Diagram 4-020. DBI Assembler 
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Diagram 4-022. 1-Q Register 
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l-Q REGISTER . ; \. . 

The l-Q register Is a four bit register that is loaded during 
the l-Q cycle of an MFCU instruction. During the MFCU 
instruction l-Q cycle, bits 4, 5, 6, and 7 are gated to the 
l-Q register by a CPU 'l-Q clock 5C' signal. 

The function to be performed by the MFCU is defined by 
decoding the output of the l-Q register. The functions 
performed depend upon the programmed I/O instruction. 
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Diagram 4-025. Read-Punch-Punch Check Counter 
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Diagram 4-027. Gear Count Emitter and Decode 
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GEAR COUNT -EMITTER AND DECODE 

The gear counter emitter is a 10 position binary 
counter. This counter, along with a decoder and 
other read control circuits, controls reading 96 
columns of card data and sends the card data one 
byte at a time to the CPU. 

The counter is normally reset until the leading 
edge of the card covers the read station photo- 
electric read cells. After the leading edge covers 
the read cells, the counter is stepped by read gear 
emitter CB pulses from the MFCU. 

The counter then counts from zero to 46, resets and 
starts counting again. At count 46, card columns 1, 
33, and 65 are ready to be read. Counts of 1, 5, 
and 9 gate data into the read data register. Counts 
3, 7, and 1! gate data into the read check register. 
During count 1 1 read cycle steal request signals are 
sent to the CPU to start data transfer. 

The counter counts consecutively after the reset at 
count 46. When the counter reaches count 528, the 
read operation ending sequence completes the read 
function. For each card column group read, the 
counter decoder generates counts of 1, 3, 5, 7, 9, 
and 1 1 . These counts read data from the card and 
start data transfer to the CPU. 
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PUNCH CB COUNTER AND DECODE 

This two stage binary punch CB counter and 
decode activates the punch pick, the punch 
hold, the punch de-energize, and the punch 
check circuits. 

Each 'punch step CB' pulse from the MFCU 
resets the counter. The counter is stepped by 
the 'condition punch CB control advance* 
signal during MFCU clock A time four times 
per card column group (three tiers) punched. 

The outputs from the decoder determine when 
the punch magnets are to be energized and 
de-energized. Also, the counter gates the 
punch magnet hold current. 

Checking of a column group that was punched 
occurs at the beginning of the next card col- 
umn group to be punched. 
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Diagram 4-030. Punch CB Counter 
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Diagram 4-035. Punch Siep CB Counter and Decode 
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PUNCH STEP CB COUNTER AND DECODER 

The punch step CB counter is a six stage binary counter that 
is used to control punching data into a card. 

This counter is reset before a punch function by an 'MFCU 
clock D 1 signal and a punch not busy condition. The counter 
is stepped during a 'punch 5t<5 P CB' pulse (from the MFCU 
punch unit) by an MFCU clock B signal. 

Outputs from the counter are then decoded and used to con- 
trol the punch operation. The decode circuits are degated 
whenever the punch CB counter is being stepped. 
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Diagram 4-040. Punch Data Register 
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Diagram 4-045. Print Cycle Steal Request Counter 
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PRINT CYCLE STEAL REQUEST COUNTER 

The print cycle steal request counter is a seven position 
binary counter. This counter is stepped after each 'print 
fire CB l pulse by the 'set print CS request' signal. 

The counter counts to 64; thereby, indicating one complete 
revolution of the print typewheels. After the count of 64, 
all characters on ail typewheels have been optioned for 
printing. The next operation may be a carriage shift, or an 
advance to the next line, or the print operation may be com- 
plete at this time. 
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PRINT I/O CYCLE COUNTER 

The print I/O cycle counter is o five position counter that indicates 
the 'last print data I/O cycle' for each group of comparisons made by 
the CPU. 

This counter is stepped after each comparison is made by the CPU. 
After the print character count value for each typewheel has been com- 
pared with the character codes in the print area of core storage {16 
comparisons for model A2 machines; 8 for model AI ), the 'last print 
data I/O cycle' signal is used to modify the L5R address so that 16 more 
comparisons can be made for the next print character count. The counter 
is reset and abunting begins for the next group of comparisons. 

After a complete revolution of the typewheels, the LSR address is modi- 
fied accordingly to select the correct core storage address for printing 
after a carriage shift or to begin printing the next line. Remember that 
the LSR address is modified after each cycle steal request. 
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Diagram 4-050. Print I/O Cycle Counter 
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Diaeram 4-055. Print Clock 
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PRINT CLOCK COUNTERS 

There are two print clock counters that control 
the print function and synchronize attachment opera- 
tions v/Ith the MFCU mechanical operations. These 
counters are the low print clock counter and the high 
print cloci' counter. Each counter is a three stage 
counter. 

The counter control inputs are the MFCU clock pulses, 
the print kick CB pulses, the print inject CB pulses, 
and a print mechanical busy signal. 

The start conditions of the print clock counters are: 

1 . High print clock counter equals 1 1 1 (binary). 

2. Low print clock counter equals 000 (binary). 

After the print mechanical busy line is activated, the 
low print clock counter is stepped by each print kick 
CB pulse or a print inject CB pulse. The high print 
clock counter is stepped as a result of activating 'p r ' n * 
clocks 4, or 10, or 16, or 22, or 28* line. The low 
print clock counter is reset each time the high print 
clock is advanced. 
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PRINT CLOCK DECODE 

The outputs of the print clocks are decoded and used by the 
print control circuits to control the print operation. 
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Diagram 4-060. Print Clock Decode 
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Diagram 4-065. Print Data Shift Register (Part 1 of 2) 
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PRINT SHIFT REGISTER 

The print shift register has 16 bit positions (model A2 
machines). On model Al machines the print shift 
FD 302 register has 8 bit positions . The character count that 

represents a specific character on the 16 (or eight) 
typewheels is compared with each corresponding char- 
acter code stored in core storage. Sixteen (or eight) 
comparisons are made for each character count value. 
(Note that the same character is ready to be printed 
by each typewheel for each count value.) As the com- 
parisons are made, the compare result is sent to the 
attachment over DBO. The 'gated print compare' (or 
no compare) is gated into the print shift register. Each 
'load print sample 2' and 'load print sample 1' signals 



shifts the data in the shift register one bit pos- 
ition (See 4-070 and 4-072). After 16 (or eight) 
comparisons are completed, the data is gated into 
the print data register buffer. From the buffer the 
data is set directly in the. print data register. The 
set always overrides the reset. The print data reg- 
ister output positions are then gated by the 'print 
time switch' signal to energize the print magnet ham- 
mers. After printing of the first character group, the 
print data register and the shift register are reset. 
The logic circuits are ready to receive comparison 
signals from the next character count sent to the 
CPU from the print character counter. 
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Diagram 4-067. Print Data Shift Register (Part 2 of 2) 
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Diagram 4-070. Print Data Register (Part 1 of 2) 

2 T 



(2/71) 4-070 



B 



> 



Print Dato Register 
Buffer 



i 



Print Data Register 



I 



PRINT DATA REGISTERS 

Two 16-bit (or two 8-bit) registers make up the print data registers. 
The print, data buffer register receives data from the shift register. 
Data is gated into the print data buffer register by the 'load print 
data rank V signal. Data is transferred (without gating) to the 
print data register (the set overrides the reset). The outputs from the 
print data register are gated by the 'print time switch' signal to 
energize the selected print hammers optioned during the 16 (or eight) 
character count comparisons. After printing, the print data register 
is reset by a 'load print data rank 2' signal. 
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Diagram 4-072. Print Data Register (Part 2 of 2) 
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PRINT DATA COUNTER 

The print data counter is a three stage counter 
used (1) to control gating to the print data reg- 
ister buffer, (2) to reset the print shift register 
and (3) to enable the load print data rank 2 
counter . 
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Diagram 4-074. Print Data Counter 
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Diagram 4-075. Load Print Data Rank 2 Counter 
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LOAD PRINT DATA RANK 2 COUNTER 

The load print data rank 2 counter is a four stage binary 
counter that is used to control set and reset of the print 
data register. This counter is initially set to 0001 (bin- 
ary). 
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Diagram 4-080. Print Character Counter and Decode 



► 



PRINT CHARACTER COUNTER 

The print character counter is a six position binary 
counter. Each count value represents a 6-bit card 
character code. 

The 'print data home CB' pulse from the MFCU results 
in resetting the print character counter indicating the 
home position of the print typewheeis. 
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Diagram 4-085. Print Side Motion Counter and Decode 
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PRINT SIDE MOTION COUNTER 

The print side motion counter is a three stage binary 
counter. This counter is used to make sure that the 
side motion cam in the MFCU is at high dwell be- 
fore energizing the print side motion cam magnet. 




Diagram 4-090. Corner Kick Counter 
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CORNER KICK COUNTER 



The corner kick counter is a three stage binary counter that 
checks card entry into the print station. This counter is held 
reset until a card covers the corner station card cell . This 
counter then provides a delay so that the card can settle down 
in the corner station before energizing the corner kick magnet. 
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MOTOR STOP COUNTER 

The motor stop counter is a three stage binary counter that 
is used to stop the MFCU motor after both hoppers are 
placed in a not ready status. 



Motor Stop Counter 
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Diagram 4-095. Motor Stop Counter 
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Diagram 4- 1 00. Feed Check Time Base Counter and Decode 
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FEED CHECK TIME BASE COUNTER 

The feed check time base counter is a six stage binary counter 
that counts from zero to 63, resets and begins counting from 
zero. This counter is stepped every 80 microseconds for model 
Al machines (40 microseconds for model A2 machines) by the 
'condition gear emitter counter advance' signal. 

Counter positions t and 2 feed decode circuits to generate 
three feed check control levels: 

1. Feed check control I, 

2. Feed check control 2. 

3. Feed check control 3. 

These control signals are used along with the feed check 
time base signals to indicate card progression through the 
transport. The feed check control levels are used to control 
and gate various feed check circuits. 

The decode circuits are degated whenever the counter is 
being stepped. Counter positions 4, 8, 16, and 32 feed the 
feed check time base decode circuits to generate five feed 
check time base signals. These time base signals are used 
to drive the various feed check counters (hopper, wait, 
corner, and stacker) for feed checking. 
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PICK PRINT STEPPER CLUTCH DELAY COUNTER 

The pick print stepper clutch delay counter is a four stage 
binary counter that is used to control the time duration of 
the pick current to the print stepper clutch magnets. This 
counter also controls the time between de-energizing and 
energizing the print stepper clutch magnets while advanc- 
ing the card to the next line of print. 
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^ Diagram 4-105. Pick Print Stepper Clutch Delay Counter 
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UP-DOWN COUNTER 

The up-down counter is a two stoge binary 
counter that is used to generate the 'wait to 
stacker clear' signal . This signal allows the 
motor stop counter to be stepped by each 
hopper CB pulse (See 4-095). 

The up-down counter value can be stored by 
a sense command. The counter value is then 
used by the program to determine restart pro- 
cedures after an MFCU error. 
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Diagram 4-110. Up-Down Counter 
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Diagram 4-115. Nine Stage Time Delay Counter 
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NINE STAGE TIME DELAY COUNTER 

The time delay counter is a nine stage counter that is used to turn 
off the MFCU motor if no MFCU 5IO command is given within 
about 30 seconds after the completion of the last feed command . 

The counter is stepped by the 'print inject CB' pulse sent from the 
MFCU to the attachment. The nine stage time delay counter is re- 
set and starts c6unting from zero after each accepted MFCU SIO 
command. If the counter reaches count 256, no -MFCU SIO com- 
mand was given within 30 seconds. The 'no command time out' 
signal is generated which results in stopping the MFCU motor. 

An MFCU SIO command or an NPRO starts the MFCU motor. As 
the motor starts MFCU mechanical motion, the nine stage time de- 
lay counter is stepped by the 'print inject CB' pulses. At count 
three, the 'motor ready T line is activated. At count 5 the 'motor 
ready 2' line is activated. MFCU operations start after activating 
the 'motor ready 2' line. This time delay allows the MFCU motor 
to reach operating speed before starting card movement. 



V 



V 



> 



B 



Rd Ej Gt or Cd on Way to Wr 

















Hopper Eject Check Gate 




OE 




OE 








Read Inject Check Gate 






















1 














A 








m 




■ 






i_j 



Diagram 4-1 20. Hopper Counter and Decode 
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Diagram 4-1 25. Wait Counter and Decode 
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Diagram 4-1 30. Corner Counter and Decode 
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fe*. Diagram 4-135. Stacker Transport Counter 
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Diagram 4- 1 40. Stacker Selection Registers (Part 1 of 2) 
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STACKER SELECTION REGISTERS 

The stacker selection registers consist of one 3-position 
register and five 2-position registers. 

Bits 5, 6, and 7 of the SIO control code are used to select a 
stacker pocket. Note that a card sent from the hopper al- 
ways stops in the waif station. No SIO stacker selection is 
necessary if the selected wait station is empty. The first card 
remains in the wait station until the next SIO instruction. The 
stacker selection information of the SIO Control Code pertains 
to the card in the selected wait station, not the hopper. 
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Note: An NPRO operation selects stacker pocket I. 



Diagram 4-145. Stacker Selection Registers (Part 2 of 2) 
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Diagram 4-1 50. MFCU Meter Control 
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Diagram 5-005. LIO Instruction (Part 1 of 2) 
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LOAD I/O INSTRUCTION OPERATION 

« Loads two storage address bytes in the selected 
LSR from the specified address in the LIO in- 
struction and the specified address minus one. 

• Consists of an i-op cycle, l-Q cycle, CPU 
addressing cycles l-Hl, l-Ll, or l-Xl, and 
two E-B cycles. 

• The attachment decodes the Q byte of the in- 
stv. cticn and sends a condition code to the CPU. 

• An LIO instruction must be executed for each 
LSr, uddress register loaded. 

• The MFCU LSR address registers are: 

1 . MRDAR-MFCU read address register. 

2 . MPCAR-MFCU punch address register . 

2. MPTAR-iV.FCU print address register. 
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Diagram 5-010. LIO Instruction (Part 2 of 2) 
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Diagram 5-015. Test I/O and Branch (Part 1 of 3) 
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TEST I/O AND BRANCH INSTRUCTION OPERATION 

• Test for conditions specified by N code. 

• Branch to address specified in branch address if condition 
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Diagram 5-020. Test I/O and Branch Timing Chart (Part 2 of 3) 
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Diagram 5-025. Test I/O and Branch Circuit Diagram (Part 3 of 3) 
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Diagram 5-030. Sense Instruction, I-Op and I-Q Cycles (Part 1 of 7) 
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Sense byte generation. 
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See Diagrams 5-35 and 5-40 for EB 1st and EB not 1st Cycles 
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SENSE I/O INSTRUCTION OPERATION 

The SNS Instruction assembles two sense bytes and stores 
these two bytes in core storage. The program examines 
these sense bytes to determine MFCU and attachment 1 statu?. 

• Move two sense bytes from attachment to core storqge. 

• Instruction is always executed whether or not trie device, 
is busy or needs attention, 

• Consists of an l-op cycle, an i-Q cycle, CPU addressing 
cycles, and two E-B cycles. 

• l-Q cycle decodes the Q byte and sends a condition 
code of B back to the CPU. 

e Two E-B cycles are taken to assemble the sense bytes and 
to send the sense data to the CPU. 
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Diagram 5-035. Sense Instruction, E-B Cycles (Part 2 of 7) 
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Diagram 5-040. Sense Instruction, E-B Cycle Timing (Part 3 of 7) 
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Diagram 5-045. Sense Instruction (Part 4 of 7) 
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Di3cram 5-050. Sense instruction (Part 5 of 7) 
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Diagram 5-055. Sense Byte Generation (Part 6 of 7) 
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Diagram 5-060. Sense Byte Generation (Part 7 of 7) 
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Diaeram 5-Ob5. Start 10 Flowchart (Part 1 of 4) 
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Diagram 5-075. Start I/O Channel Controls (Part 3 of 4) 
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Diagram 5-080. Start I/O MFCU Attachment Controls (Part 4 of 4) 
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Diagram 5-085. Read/Feed Operation Flowchart (Part 1 of 8) 
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Diagram 5-090. Read/Feed Operation Flowchart (Part 2 of 8) 
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Diagram 5-095. Read/Feed and Read Data Controls Timing Charts (Part 3 of 8) 
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Diagram 5-110. Read Cycle Steal Request Timing Chart (Part 5 of 8) 
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Diagram 5-1 20. Read/Feed Controls (Part 6 of 8) 
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Diagram 5-130. Read Cycle Steal Request (Part 8 of 8) 
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Diagram 5-135. Punch/Feed Operation Flowchart (Part 1 of 1 1) 
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Diagram 5-140. Punch/Feed Operation Flowchart (Part 2 of 11) 
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Diagram 5-145. Punch/Feed Operation Flowchart (Part 3 of 1 1) 

2 V 3 



wy 



8 



(2/71) 5-145 



B 



CPU 



5424 Punch Cycle Steal 



Cycle Steal Request Bit 4 



MFCU 



7D-0C Cycle Steal Request Granted Bits and 4 



LSR Select Bits 5 and 7 
t Chan Xlate Out 



-8C 



MPCAR - 



1 and 2 SDR- 



3 and 4 



-SAR 




land 2 



See Note 
Mod MPCAR +32 



5 and 6 ■ 

7 and 8 



LSR Write Lo 



LSR Write Hi 



_ Cycle Steal Request Bit 4 I 

* LSR Select Bits 5 and 7 ] 3 and 4 

Punch Data On DBO 



5 and 6 
7 and 8 



Note: Modify by +32 on first and second cycle steals 
and by minus 64 on third cycle steal with channel bin- 
ary subtract active to prevent complementing the A 
register. 



Diag 
5-135 

u 



End of punch 
cycle. Feed 
card to 
corner station 



Q 



END OF 
OPERATION 



d 




Drop punch 



eject P.R. 
magnet 



Activate 'end 
of punch cycle' 



Set 'card has 
been punched' 



Corner 

cell dark 



Yes 



Reset 'punch 
unit busy' 



Reset 'card 
has been 
punched' 



Lift punch 
stepper P.R. 
magnet 

- « 



Reset 'punch 
check C.S. 
time 1 




No 



Reset 
'execute punch 



CPU 



5424 Punch Check Cycle Steal 
Cycle Steal Request Bit 4 



MFCU 



7D-0C Cycle Steal Request Granted Bits and 4 

LSR Select Bits 5 and 7 | 
Chan Xlate In 



MPCAR 

1 and 2 SDR 



-*-SAR 



3 and 4 



il SDR ►-B-pA — 

(Punch Data) I Chan Bin Sub 

W 



Punch Check Data 



8C 



• 1 and 2 



Mod MPCAR Lo 



S 



4CD 



^Cycle Steal Request Bit 4 
LSR Select Bits 5 and 7 

P Bit Only 



- 3 and 4 



Any Other Bits = Punch Check 



5 and 6 ' 
7 and 8 ■ 



LSR Write Lo 



LSR Write Hi 



5 and 6 
7 and 8 



B 



Time (M.S.) Model A I 

Time (M.S.) Model A2 

Execute Punch 

Execute Faed 

Feed Execute 

Punch Execute 

Punch Unit Busy 

Punch CB 

Punch Step CB 

Punch Step Count 

Lift Punch Eject P.R. 

Punch Registration P.R. 

Punch Gate 

Pre- Punch Cell Covered 

Drop Punch Stepper P.R. 



20 



30 
I 



40 



20 



50 
I 

25 



60 

I 

30 



70 



35 



SO 



40 



90 

I 

45 



50 



110 
I 

55 



120 

I 

60 



130 
I 

65 



140 

I 

70 






Check. Pick /Hold 



Punch Data Cycle Steal Re quest 



Punch Check Cycle Steal Request 
Punch Pick Strobe m_ 



Punch Hold Strobe 



Punch Check CB 



End Punch Cycle 



v tick xnoia 

it i . 



■ ■ 



_i ■ 



■ ■ 



_■ ■_ 



-ij ■_ 



150 
I 

75 



Col I 



Col 2 
_l 



Col I 
-it- 





Col 3 
_l 



Col 2 

■ 



4S- 



810 



405 



820 
I 

410 



830 



415 
-t- 



840 



420 



850 
I 

425 



860 
I 

430 



870 



435 



■TP 



Reset About 132 (Mod A 2) 



—ss- 
-*> 

—ss- 
-4S- 
—r> 

—SS- 

—ff- 



Reset About 96 (Mod A 2) 



JLM L 



34 



35 



m(~ C Uncovers at 303 (Mod A 2) 

-SS 

-is 



Col 32 



Col 31 
i_ 



4. 



4S- 
■if- 



36 



37 



Col 32 
I 



Diagram 5-150. Punch/Feed Timing Chart tPari ■+ oi 11) 
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Diagram 5-155. Punch Data Cycle Steal Request (Part 5 of 11) 
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Diagram 5-160. Punch Check Cycle Steal Request (Part 6 of 1 1) 
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Diagram 5-1 66. Attachment Punch Operation 
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Diagram 5-168. Timing Relationship Between Attachment Punch Step Count and MFCU Mechanics 
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Diagram 5-170. Punch/Feed Controls (Part 7 ofl I) 
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PRINT/FEED OPERATION 

• Print three or four lines in card print area. 

• Print character counter contents are sent to 
the CPU during eoch data cycle steal request. 

• Print character counter value is compared with 
the core storage print image as addressed by the 
MFCU print address register (MPTAR) located in 
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• The results of the compare are sent to the print 
shift register. 
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in the core storage print area print position. 

• A side motion carriage shifts the card to print 

the next character group on the line being printed. 

• After last line is printed, the card is sent to a 
stacker pocket. 
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(Add the A reg to blank B reg) 
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counter 




Duration of Pick 
to Print Stepper 
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.Pick up side motion carriage and hold] 
jfor entire print operation (3 or 4 lines| 
jof print, no early eject possible). I 
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SAR 



ec 
o 



Print Character 
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LSR Write Hi 
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P Bit Only = Set On Bit In Print Shift R eg 
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5 and 6 

7 and 3 



Diagram 5-205. Print/Feed Operation Flowchart (Part 2 of 14) 
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Diagram 5-210. Print/Feed Operation Flowchart (Part 3 of 14) 
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(Advance 'print 
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| counter' 
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DATA SHIFT 
REGISTER' 
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Set 'print CS. 
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1 Advance 'print 
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I counter' 
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Set '(p r ' n t data 
reg I)' and 
(print data reg 
2)' from data 
in shift register 



Send 'CS. 
priority bit 4' 
to CPU 




Gate ' load 
print data 
rank 2 counter 



Pick selected 
print hammer 
magnets 



Advance 'load 
print data rank 
2 counter' with 
20.48 u sec 
clock B pulses 
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Activate ' load 
print data rank 
2' 
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data reg 2) 
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Set 'any print 
O cycle' and 
'any MFCU IO 
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Activate 'gate 
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FC402 
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SEL 4' AND | 
•LSR SEL 7* TO I 

L. CPU / 
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Activate 'print 
compare' 



Shift 'print 
shift reg' with 
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turn on FF 
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compare 1 
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Activate 
'modify -30' 




Modify -28 
for model A 1 
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<C print characte 
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Activate 
'modify + l' 






Modify -27 
for model A 1 




Activate 
'modify -29' 
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Reset 'print- 
data CS 
request' 






l- FB622 






Reset 'print 
priority request' 
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Note I: Print request clock is made up of the following clocks 
for a 16 hammer machine (model A 2) 5, 7, It, 13, 17, 19, 23, or 25. 
In addition to the above clocks, the following are active for an 
8 hammer machine (model A I) 8, 9, 14, 15, 20, 21, 26 or 27. 

Ncte 2: The reset to the print data shift register will occur 
320 ns after print data rank I. This wilf allow the print data 
reg I and print data reg 2 to be set with the data from the shift 
reg before it is reset. 

Note 3: Prinr data rank 2 will try to reset print data reg 2 but 
any print data reg I FF on will override the reset. 

Note 4: During cycle steals modify + 2 or +4. If last data IO 
cycle modify -28 or -30. If CS. counter count 64 modify -27 or -29. 
If last print character modify -H. 
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mechanically 
from the print 
station to the 
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I Reset 'print 
mech busy' 
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I print clock' 
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CLUTCH MAG 7 
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Diagram 5-215. Print/Feed Operation Flowchart (Part 4 ot 14) 
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Diagram 5-217. Print/Feed Print Timing Chart A-l Model Machine 
2 ▼ 3 



Time (ms) Model A1 



£» Print Step CB 

Print Inject CB 

Print Kick CB 
B 

Print Inject Gate 

Print Mech Busy 

t^- 
Print Request 

Print Stepper Home 

C Corner Cell Dark 

Corner Kick Mag 

Card in Print Station 

Pick Print Step Clutch Mag 

Hold Print Step Clutch Mag 

D 

Print Side Motion Mag 

Side Motion Carriage Asm 
g^. Print LSR LIO CS Request 

Print Char Request Time 
E Print Clock 



25 



50 



75 



100 



125 



150 



175 



200 



225 



250 



275 



300 



325 



350 



375 



400 



425 



9 



450 



475 
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500 




Note 

Step CB has no relationship to 'Print Inject CB' or 
'Print Kick CB'. 'Print Step CB' can occur anytime 
prior to the first 'Print Inject CB' shown. 



ww.iy«gww^ \ awja 
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See 
Diag 5-225 
Print LSR 
CS Request 



Kffisssssera^M 
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V 



Line 1 



X 



pos 1 i r 



Pos 2 



l— I Poll i r 



Line 2 • 



Pos 4 
9 



J Pos 1 



10 11 



See Diag 5-230 
Print Data CS. 
Request 



Lines 2, 3, and 4 not shown 



PRINT OPERATION A-1 MODEL MACHINE 

2 ▼ 



Print Line One 



► 




Print Clock 



Advance card to 

line one and then 

Pick 

Print Stepper Clutch 



Pick 

Side Motion Mag- 
net Side motion 
carriage held up 
for entire print 
operation— no- 
early eject 
possible 



FireCB 

Take 

512 cycle steals 



> 



Side motion 
carriage move 
card to next 
print position 



Notes: 

A1 Machine MPTAR Address Modifications 



► 



® 



+4 
-28 

+4 
-27 



7 times 
1 time 

7 times 
1 time 



63 times 



Fire CB 

64 fire CBs pulses- 
one for each group 
of 8 cycle steals 



© 



► 



+4 
28 

+4 
+ 1 



7 times t 
1 time f 

7 times ) 
1 time ) 



I 64th time 

-27 puts MPTAR at the 
starting address of the 
next print position 

63 times 




FireCB 

Take 

51 2 cycle steals 



FireCB 

Take 

512 cycle steals 



8 cycle steals 

to option a character 

to all 8 print positions 



64th time 

+1 puts MPTAR at the 
start address of the 
next line of print 



Fire CB 

Take 

512 cycle steals 



Drop and then 

Pick 

Stepper Clutch 

Magnet 

Advance card to 

next line(s) of 

print 



For print line 
two, three, or 
four operation 
(see table) 



Drop 

Print Mech Busy 
Print Mech Busy 
Reset 4.35 micro- 
seconds after last 
print clock 



Table 

Print Line Two: 

Count 1 1 same operation as count 5 
Count 13 same operation as count 7 
Count 14 same operation as count 8 
Count 15 same operation as count 9 

Print Line Three: 

Count 17 same operation as count 5 
Count 19 same operation as count 7 
Count 20 same operation as count 8 
Count 21 same operation as count 9 
Count 22 last print clock for three lines of print 

Print Line Four: 

Count 23 same operation as count 5 
Count 25 same operation as count 7 
Count 26 same operation as count 8 
Count 27 same operation as count 9 
Count 28 last print clock for four lines of print 



Diagram 5-219. Print Operation A-1 Model Machine 
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Diagram 5-220. Print/Feed Prim Timing Chart A-2 (Part 5 of 14) 
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Corner Kiclv Mag 

Print Side Motion Mag 
Print LSR LIO CS Request 
Side Motion Carriage Asm 

Print Char Request Time 
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.F=S5 
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Line I Pos I 



Line I Pos 2 
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Line 2 Pos 



Line 2 Pos 2 
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Line 3 Pos I 



Line 3 Pos 2 



Cord in Print Station 
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-■■waHffjmt. -J g- in U-ttrVf rl i P"™»» 



Corner Cell Dork 
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Last Print Clock 



Print Clock 



I ' I 2 I 3 




See Diog 5-230 
Print Doto CS. 
Request 



| 7 [ 8 | 9 | IQ | || i 
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19 I 20 I 21 



22 



6 



8 



9 



Print Line One 



Print Line Two 



Kick CB 
or 
Inject CB 



Print Clock 



I 



Starting 
Sequence 



Count 1 




' Counts 2 and 3 

— i * 



Advance card to 
line one 

Drop and then Pick 
Print Stepper Clutch 



Count 4 



Count 5 



'Fire CB 

Take 

1024 cycle steals 



Pick 

Side Motion Magnet 
side motion carriage 
held up for entire 
operation— no early 
eject possible 



)t» Notes: 

A2 Macine MPTAR Address Modification 

(A) Odd Position (1, 3, 5 29, 31) 

D 

+2 15 times | „ . 
__ . . 63 times 

-30 1 time 



+2 15 times 
•29 1 time 



64th time 

-29 puts MPTAR at the 
starting address of next 
even position 



Fire CB — TL 

64 fire CBs pulses- 
one for each group 
of 16 cycle steals 




Side motion 
carriages move 
card to line one 
even position 



FireCB 

Take 

1024 cycle steals 



Drop and then 

Pick 

Stepper Clutch 

Magnet 

advance card to 

line 2 

side motion carriage 

moves card to line 2 

odd position 



\ 



Same operation 
as count 5 



64 groups of 16 cycle steals 

_n n ^ j__n_ 




(F) Even Position (2. 4, 6 30, 32) 



16 cycle steals 

to option a character 

to all 16 print positions 



+2 



15 times 
30 1 time 



+2 
+ 1 



15 times 
1 time 



63 times 



64th time 

+1 puts MPTAR at the 
starting address of next 
odd position 



V 



Same operation 
as count 6 



Same operation 
as count 7 



Table 

Print Line Three: 

Count 17 same operation as count 5 
Count 18 same operation as count 6 
Count 19 same operation as count 7 
Count 22 starts ending sequence (last 
print clock for three lines of print) 



Print Line Four: 

Count 23 same operation as count 5 
Count 24 same operation as count 6 
Count 25 same operation as count 7 
Count 28 starts ending sequence (last 
print clock for four lines of print) 



For print 

line three 

or 

print line 

four 

(see table) 



(see table) 

Drop 

Print Mech Busy 



Print Mech Busy 
reset 4.35 
microseconds 
sfter last print 
clock 



Diagram 5-224. Print Operation A-2 Model Machine 
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CPU Clock 

Gate Inject Gate 

Print Load LSR C.S. Request 

C.S. Priority Bit 4 

DBO Bits I and 4 (Honor Request) 

Any Print I -O Cy and Any MFCU 10 Cy 

Print Load LSR IO Cy 

LSR Sel 4 and LSR Sel 7 

Gate Address Modify 

Data on DBI 
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8 , 



U±+^ 



00 



J 8 I 

See Note I 



00 



Note I: If Print Buffer 2 Busy Address 
Modify by 128 (80). If Print Buffer I 
Busy Modify by (0 0) 



Diagram 5-225. Print/Feed Print Load LSR Cycle Steal Request (Part 6 of 1 4) 
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Diagram 5-230. Print Data Cycle Steal Request Timing Chart (Part 7 of 14) 

2 V 3 
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CPU Clock 

Channel I Osc 

Print Clock 5 (Note I) 

Print Request Clock (Note I) 

Print Fire CB 

Data Rank I 

Print Dota CS Request 

Advance Print Char Counter 

Print Priority. Request 

CS Priority Bit A 

DBO I and 4 (Honor Request) 

Print IO Cycle and Any MFCU IO Cycle 

Print Data IO Cycle 

LSR Sel 4 and L5R Sel 7 

Modify ■■ 2 c 4 Model A I) 

Gate Print Char Counter to DBI Reg 

Gote Address Modify to DBI Reg 

Data on DBI (hexadecimal values) 

Gate Print Compare (Note 2) 

Reset Shift Register 

Load Print Sample 2 (Note 3) 

Print IO Cycle Counter 

Print Modify Minus 28 

Lost Print Data IO Cycle 

Channel Binary Subtract 
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Note I: Print Request Clock is Activated for the 
following Clocks (model A2); 5,7,11,13,17,19,23, and 25. 
In Addition to the Above Clocks, the following are 
active for a Model A I; 8,9,14,15,20,21,26, and 27. 

Note 2: Gate Print Compare is Active Only if DBO 
has no bits 

Note 3: Print Shift Register will be set Only if DBO 
has no bits 
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Diagram 5-23S. Print/Feed Print Buffer 1 or 2 Busy and Print 4 Lines (Part 8 of 14) 
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Dag-am 5-240. Print/Feed Operation Feed Controls (Part 9 of 14) 
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Diagram 5-300. Motor Time Out Start/Stop Controls (Part 3 of 3) 
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Diagram 5-315. IPL Operation Flowchart (Part 1 of 3) 
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Diagram 5-320. IPL Operation (Part 2 of 3) 
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Diagram 5-330. Diagnostic Read/Feed Operation Flowchart (Part 1 of 9) 
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Diagram 5-335. Diagnostic Read/Feed Operation Flowchart (Part 2 of 9) 
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Diagram 5-340. Diagnostic Read/Feed Operation Flowchart (Part 3 of 9) 
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Diagram S-34S. Diagnostic Read/Feed Operation Flowchart (Part 4 of 9) 
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m 5-350. Diagnostic Read Cycle Steal Request Timing Chart (Part 5 of 9) 
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o. 60 Hex =96 Decimal 

b. 80 Hex - 128 Decimal 

c. BF Hex - 191 Decimal 



Diagram 5-355. Diagnostic Read Cycle Steal Request Timing Chart (Part 6 of 9) 
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Diagram 5-360. Diagnostic Read-Punch Operation (Part 7 of 9) 
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Diagram 5-365. Diagnostic Read Cycle Steal Request (Part 8 of 9) 
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Diagram 5-370. Diagnostic Read-Punch Data Transfer (Part 9 of 9) 
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Diagram 5-380. Diagnostic Punch/Feed Operation Flowchart (Part 1 of 8) 
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Diagram 5-385. Diagnostic Punch/Feed Operation Flowchart (Part 2 of 8) 
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Diagram 5-390. Diagnostic Punch/Feed Operation Flowchart (Part 3 oi~ 8) 
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Diagram 5-395. Diagnostic Punch/Feed Timing Chart (Part 4 of 8) 
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Diagram 5-400. Diagnostic Punch/Feed Timing Chart (Part 5 of 8) 
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Diagram 5-405. Diagnostic Punch Check Cycle Steal Channel Controls (Part 6 of 8) 
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Diagram S-410. Diagnostic Punch/Feed Address Modification and Check Data Transfer (Part 7 of 8) 
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Diagram 5-415. Diagnostic Punch Check Cycle Steal 5424 Controls (Part 8 of 8) 
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Diagram 6-005. 5424 Attachment Panel and Power Distribution 
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